Introduction
The house fly, Musca domestica L. (Insecta: Diptera: Muscidae), is considered as a notorious pest by medical, veterinary, and public health professionals worldwide. The synanthropic nature of house flies has made them a potential pest in spreading various diseases from man to man and/or animals to man. More than 100 animal diseases have been experimentally associated with house flies, including protozoan, bacterial, viral, and helminthic infections, and therefore they are a threat to humans and the poultry breeding industry (1, 2) . The reduction of house fly populations using the microbial agent Bacillus thuringiensis has been studied in the past, when feeding tests were done in the laboratory to determine the susceptibility of the house fly M. domestica to strains of B. thuringiensis, which is considered a promising biological control agent against vectors of diseases (3). B. thuringiensis is safe to humans, farm animals, and many beneficial nontarget species. No resistance against this biological agent has been recorded for disease-transmitting vectors (4) . B. thuringiensis is known to produce several toxins during its logarithmic phase of growth, such as the heat-labile α-exotoxins (lecithinase C) and the β-exotoxin ,which are water-insoluble, heat-stable, and highly toxic to the larvae of flies, one of which has the name thuringiensin and is applied to control flies. Bacillus thuringiensis products are used widely as safe and effective insecticides in horticulture and forestry. These products are also used for mosquito control (4) .
During sporulation, this bacterium produces protein crystals (delta endotoxin) that have insecticidal activity (5, 6) . Several studies have suggested that these toxins, or a mixture of unknown components in the toxins acting together synergically, produce the full toxicity. This has led to insects not developing resistance to these toxins. The toxins are quite specific towards target insects and are completely safe for humans, animals, and plants, and also are completely biodegradable. Therefore, Bacillus thuringiensis is a valuable alternative approach for controlling vermin in agriculture. It is also a suitable tool for the control of vermin that are considered important carriers of human disease (5) . In this research we aimed to examine in vitro the effect of oral formulations of Bacillus thuringiensis on the larvae of flies (Musca domestica).
Materials and methods

Materials
IPS medium was prepared at the Institute Pasteur of Paris (courtesy of Dr Jean Francois Charles). LB medium was purchased from Merck. Tetrachloride carbon, ethylenediaminetetraacetic acid (EDTA), acryl amide, polyethylene glycol 20000, and sodium dodecyl sulfate (SDS) were purchased from Sigma. A Milli-Q water purification system (Millipore, USA) was used for obtaining high-quality water.
Production of delta endotoxin protein
A single colony of Bacillus thuringiensis was transferred to an LB medium flask and incubated within a shaker incubator (30 °C, 155 rpm) for 5 days to ensure the arrival of the bacteria to the autolyse phase. After ensuring that sporulation had occurred and that the bacteria had arrived at the autolyse phase (by the stained spores method), protein crystals, spores, and cellular wastes were isolated from the culture medium using centrifugation (4 °C, 12,000 rpm, 10 min). After 30 min the aqueous and organic phases were detected. Protein crystals in the aqueous phase were dissolved with 50 mM NaOH and 10 mM EDTA and incubated at pH 11.7 for 2 h. To allow doping, a certain volume of the aqueous phase with a certain activity and protein value was cast inside a dialysis bag (12000 Cut Off, Sigma) and was concentrated using PEG 20,000. In order for purification and separation of proteins, gel filtration chromatography was used (7). P60 gel (Bio-Rad Laboratories, USA) and Sephadex gel G100 (Pharmacia Biotech, Sweden) were used as the substrate. Collected samples were evaluated at 280 nm with a UV-VIS spectrophotometer. Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) was used to determine the purity of the protein (7). The concentrations of the separating gel and stacking gel were 10% and 3%, respectively. The Lowry method was used to determine protein content (8) and sample absorbance was read at 750 nm.
Production and breeding of fly larvae
Twenty adult flies were placed in a glass container with dimensions of 5 × 3.5 cm. The flies were held for 24 h in this cage (25-30 °C, 55% humidity). Fly spawning was done on a paper tube. In this study, 0.15 mg/mL of milk solution was used as insect food. For rearing larvae, the paper tube was placed in another container (25-30 °C, 80% humidity). At this stage, a mixture of wheat bran (0.2 mg/mL), flower hay (0.1 mg/mL), and grape juice (5% v/v) was used as food for larvae.
Bioassay
A mixture containing delta endotoxin poison was incubated with larvae at concentrations of 0.43 mg/mL and 0.27 mg/mL. Incubation was carried out for 10 days. After 10 days, the reduction percentage in the number of larvae was examined and compared with a control group that had no toxin delta endotoxin. A log-probit regression analysis was used to estimate mortality rates. The lethal concentration mean (LD 50 ) was calculated using GENSTAT software.
Results
Culture of bacteria
After 24 h, Bacillus thuringiensis appears as a large, wide, and cream-colored colony on brain heart infusion agar medium. After Gram staining, bacilli can be seen (Figure 1 ).
Delta endotoxin protein
Results of this study show that the applied method is an appropriate method for the reproduction of bacteria. The results of gel filtration chromatography using a P60 column were 4 different products of 130, 128, 68, and 28 kDa (Figure 2) . However, the G100 gel chromatography extracted only the 3 larger products and not the 28-kDa product (Figure 3 ). Figure 4 shows the results of purified and unpurified proteins in comparison with albumin protein. It was found that the resulting proteins had the desirable purity (Figure 4 ).
Bioassay
The bioassay results indicated the cytotoxic effect of the protein on the larvae of flies (Tables 1-3) and it was seen that 0.43 mg/mL of protein could kill all larvae (100%). The results also showed that a 0.27 mg/mL concentration caused a 44% mortality rate of larvae. Moreover, an LD 50 value of 0.125 mg/mL was obtained.
Discussion
Currently the control of some insects is limited to the use of chemical pesticides in order to kill the adults and larvae of these insects. Because of the problems related to resistance to insecticide and environmental concerns, the need is felt to research replacement methods of control. The use of pathogens and their metabolic products for the control of disease-carrying insects has several advantages that include resolution of problems related to resistance, no pollution of the environment, and safety for humans.
Bacillus thuringiensis is a facultative, anaerobic, grampositive bacterium present in soil, in water, and on plant surfaces. It has different proteins that are toxic to a variety of insects, nematodes, and protozoans (9) . Because of their high specificity and their safety for the environment, crystal proteins are a valuable alternative to chemical pesticides for the control of insect pests in agriculture and forestry and in the home. It has been proposed that the rational use of B. thuringiensis toxins will provide a variety of alternatives for insect control and for overcoming the problem of insect resistance to pesticides (10). Furthermore, unlike most insecticides, B. thuringiensis does not have a broad spectrum of activity, and so it does not kill beneficial insects. This includes the natural enemies of insects (predators and parasites), as well as beneficial pollinators, such as honeybees. Therefore, B. thuringiensis integrates well with other natural controls.
During sporulation, toxins are made to form protein crystals within the cytoplasm by B. thuringiensis bacteria. If these crystals are ingested by susceptible insects, they cause serious injuries or death (11) . Several researchers have studied the effect of these toxins on the reproduction and growth of the house fly (5, 6, 11) . In this study, we studied the effect of a protein crystal toxin derived from B. thuringiensis serotype H14 (subspecies israelensis) on the larvae of house flies.
In the chromatographic separation stage it was determined that P60 gel has a higher efficiency than Sephadex G100 gel. In chromatography using Sephadex G100 gel, a peak of 28-kDa protein was not formed. B. thuringiensis serotype H14 (subspecies israelensis) crystals were formed of at least 5 polypeptides with molecular weights of approximately 27, 58, 70, 128, and 134 kDa (12) . In this study, 4 of the polypeptides with molecular weights of 130, 128, 68, and 28 were identified by filtration gel chromatography using gel P60. The active portion of the crystal is protein of 68 kDa or delta endotoxin. Delta endotoxin is a glycoprotein and has a large variety. Delta endotoxins are divided into 5 main categories based on their activity against various groups of insects and worms.
Genes of these crystal proteins have several groups and subgroups. Several studies have cloned and sequenced 90 genes of the proteins (12) . Bioassay studies showed that the toxin has a high cytotoxicity power and if a mix of protein (not purified) is used in biological measurements, the cytotoxicity power is far higher. These observations were also reported in other studies (13) . The main advantage of B. thuringiensis over chemical insecticides is its highly specific activity against dipteran Figure 4 . Results of the SDS-PAGE gel. Column 1 is albumin protein (~67 KDa); column 2 is purified protein; columns 3, 4, and 5 are purified and reduced proteins that were converted to 2 proteins of 67 and 50-60 kDa in gel reduction conditions; and column 6 and 7 are unpurified protein. insects, due to the presence of membrane receptors in the insect gut serving as targets for the bacterial toxins. Due to the absence of such receptors in vertebrates, B. thuringiensis is considered safe for human health. It has been claimed that the toxins and spores do not persist in the environment, with virtually no residual effects, even in environments submitted to seasonal applications (14) . In this research, considering the ease of the applied method and the study's bioassay results, it can be concluded that Bacillus thuringiensis subsp. israelensis protein crystal is an effective weapon in biological campaigns against the house fly. Perhaps the major advantage is that B. thuringiensis is essentially nontoxic to people, pets, and wildlife. This high margin of safety recommends its use on food crops or in other sensitive sites where pesticide use can cause adverse effects. Biological control is an effective and ecofriendly method and eliminates the unnecessary use of chemical pesticides, thereby reducing environmental pollution. B. thuringiensis is a bacterium that has been applied with success in biological control programs against mosquitoes and fly larvae. The insecticidal activity of B. thuringiensis is due to the toxin that is produced during sporulation. This toxin is essentially nontoxic and nonpathogenic to wildlife, humans, and other organisms. Consequently, microbial insecticides are likely to become increasingly important tools in insect management.
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